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Abstract Alfalfa (Medicago sativa) has high nutritional quality and biomass production and is widely used as pasture in 


animal production and soil erosion control. There are many factors influencing the production of alfalfa, including fertilizer 


and water use. The applications of both nitrogen and irrigation have been the critical factors for improving water use efficiency 


without considerable yield reduction in alfalfa. Thus the determination of a reasonable application of nitrogen and irrigation is 


important for the optimization of biomass distribution characteristics and improvement of water use efficiency in alfalfa fields 
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in Hexi Corridor. To that end, a field study was conducted in 2014 in Jiuquan City (in the Hexi Corridor of Gansu Province, 
China) to research the effects of different irrigation amounts (W,: 60% of the conventional irrigation amount; W»: 80% of the 
conventional irrigation amount; W3: the conventional irrigation amount, 1 920 m^-hm ?) and nitrogen application rates [N;: 
0 kg(N):hm ?; Na: 40 kg(N)-hm™; N3: 80 kg(N)-hm ?; Na: 120 kg(N):hm ?] on biomass distribution characteristics and water 
use efficiency of 2-year alfalfa plantations. The study investigated the effects of nitrogen application, irrigation and the related 
interaction on alfalfa plant height, branch number per plant, leaf-stem ratio, root volume, root biomass, aboveground- 
belowground biomass ratio and water use efficiency. The results suggested that W; and W; treatments significantly increased 
plant height, branch number per plant and aboveground biomass. It also increased root biomass, root volume in 20-40 cm, 
40—60 cm and 0—60 cm soil layer and water use efficiency. Moreover, plant height, branch number per plant and aboveground 
biomass were not obviously different between W; and W; treatments. This suggested that 8096 of the conventional irrigation 
scheme not only maintained normal biomass production in alfalfa plants, but also improved water use efficiency. Branch 
number per plant, leaf-stem ratio, root volume, root biomass, aboveground-belowground biomass ratio and water use 
efficiency initially increased and then decreased with increasing nitrogen application. These parameters peaked under the 
treatment of 80 kg(N)-hm ? nitrogen, which suggested that nitrogen application significantly influenced root development and 
water use efficiency of alfalfa plants. Besides this, W;N5 or W2N; treatments had the potential to optimize plant height, branch 
number per plant, root volume and belowground biomass in the 0-20 cm, 20-40 cm and 0—60 cm soil layers. The ratio of 
aboveground to belowground biomass and water use efficiency was also optimized under W N, or W;N; treatments. It was 
concluded that 80% of the conventional irrigation amount and 80 kg(N)-hm™ of nitrogen application were the optimal 
treatment for alfalfa pasture in Hexi Corridor. 


Keywords Water-nitrogen interaction; Hexi Corridor; Alfalfa; Yield components; Water use efficiency 


3846 Bis (Medicago sativa) NF SM zent 
(fe, MARRAS. Rik JEU ARR AL 
AULA RS SHEE ASCRAD AR “o RAK 
TE EL fe T A, BEFETTE KARE E H 
DUERHRAIESAERKKRSU. MARE MAR E Fh 
Ze TC Dee E ACR 1 kt HR 
ARI, SOSA HEAR [s] P8 AR e DC M P7 lk Zi tg 
AZ, Amka ARAS, BARK 
TI GA 
EA EA DN E 
ERAS ATE ES 
MHARE, LE TeZK^EPCUBARMEUE9O 
E, It AER Sine. FTE 
ERRATA ERA SEE rn BE RTI RUE aU, 
SEA, HAtK, DI SI ube 
HERMES TAE MA PERRAS, (B 
WE Be IS Sh, AMM OU 
ARAB EAT, RRETA KE AR AER, 
E E IA E7J (RSS, LN SS EE XE SR TC Ed 
fs EIR AY SK 

SR Dk de E E BN SS WIER, 
XEB&i&htRH, AKEE FAIRE BES 
(thers, JU ABD, Mic ART 
AAC A RDKAR ERS, CARA, 
SAEZ thE 5E 17 SA kK A 
AREN, DEI eng AE Vos UU. mK 


AMARENAK EES IU 2 RATER 
fe BSH IS ES SE 
Te (HERO 

ARERe EE EE SIA ES 
A E A ES 
EMPIRE, KIE E AR SOURCE ase", 
AMARA 548 XE 2 SE P Ed], KARTS 
BRUT, AN AR PS AAA RE TC EE SE (EGER HE 
AIR. ITESM 1 A 2 MS IC E Ve e 
Bint ERE. Alt, kr rt 
Al RGA S30 E ER PRE BP SAKA A BMS 
SIE, HRS RACER KIER At Oe DH CH 
A, AFR 1 WA 2 WATS KISS 
fe HAL SF KE. 
1 Hänn 
LI WAKE 

iS p LT HR Re SRERIMBNRES A+ 
SF 1RIF(98°34'~98°41'N, 40?13'-40?17'E), HE 25 
FRERBPREAAM YM Ribs, gp E ES e SA 
f, MSHS Te. FHIAR 1 260 m, AeA 
RA ms ARTE Ae, FRE 64.8 mm, FIJA 
AB 2 336.6 mmo FF Mm 9.1 C, 1 H3ES9 EHE AL 
Sura 7 H3E3S9g E m Am 24.5 Co PHA 
Fa SAYA 3 193.2 h, [10 CHAPE 3292 C, $ 
FAB 120-150 d, THAW, TRAMA 


http://www.ecoagri.ac.cn 


$ 12 HB Hm 


88535: ELA DG £0 79] PR XE IB AR TC EE KS 


-H1625 


3810.11 gkg", MARGE 37 mgkg |, EMMA 
E 4mgkg , RMS 278 mg. kg "o 
12 mii 

Dim ou CES EG SS HJ 2 KREIS Se 
it, Kee AMEA, RATE. RAA 
HK BARR. MAERA, EMMA SR Ao 
2014 ES AMAR, MBA AA. ETE 
4 ERR BRIG SP SBE, 2015 € 
(2 We) FPSB 7K UB MEUS RSS iO ASS ZA 
iki, RENEE, MASA RIE. ELE HUS 
iB 3 KF, 433073 117 mm (1 170 mhm’, 156 mm 
(1 560 mhm’), 192 mm (1 920 m*hm?), H Wi. 
Wa WRT, HRW ARMENIA, WAS 
Hh 2 HS DH 60%, W 73g 4 EIE 8096, EEKE 
HER, 12H, MRAK, (£5 AMAR; 
BS 2 RERAD MHA, 5A 25 AAR. A 
B55 A 0 kg(N)-hm ^, 40 kg(N):hm ^, 80 kg(N)-hm ? 
SI 120 kg(N)hm^, NAF Ny Nos NI Ny SE, 
HH 12 483809 MERCER), S Rh 
igi 3 ER, Hit 36 NNE. JN 10 mx 
10 m=100 m^, XR ] 0 SR AK 42 01 [8] AS Oh HT ik 32 
REIS, DKEA 1 m AER. RAE 
Sk, HXRIEAXE, FREKARA 
AERE HITEM, KREOS AA TL 
SBS RIS. B ROO FIEL RREA 
Th, RURARA(GA 46.4%) DEBEBAY7JPA2X, BME 
Bla HEAL, SAR Iti EMAMA—+, "m 
RAE SUE TT AS 
13 Jm 

ME. BPRORRBASH Hong EKE 
1& 8)468RB(2015 F 6 H 15 HyitfTRURE, SC 
\\ iD 1 m DEI DD GIRLS 20 kuer FH 
RUER BASE, An A FH a MAE BM 
RER, LERARMICRARRN-RDRM, 
20 PAB TRF IS BAD REA I) KE 
Bab FOREN SRDRM. Zin, HH 
FTX SI, 2) 8S SERIE (TE FR 18 EDAD, PERM 
ZE 105 CHENRA 15 min, AE 70-80 CR 
FEME, 20 MAPA FARMA SE, 

Mh ED FE MENE: AMES A 
DRR, TES) KK FA 3 7 0.5 mx 
0.5 m BJÉZS, KRE EAE SS, ARAS 
MER 105 CFAA 30 min, 75 'C Fitz B B AM 
t, ADEE, E 20 cm WALANG 


T7), 2 60 cm 28 BEATA 0.5 mm NM ri asd ip, 
ABHAMEMELYAA TS, DREH, REE 
AEG. SC iessbar mp kan $ 
ROBA UB -EKSHSEN, HARIH $e iot 
Lj, BEBRAK AAA, IEEE ES TS PAZK 43 ADA, 
BIA IC Bet RAIA. HARA GAUGE 75 CHR 
rp, 24h, SAMS, MAS ARAN E: 
HELADA: 

gl ug B 6E 2 8/3& EE (1) 

ES ER SI: 

KHARE (kg-hm "mm "rä FEMS 
(kg:hm *)/# 2K (mm) (2) 
14 Stat: 

Te BS A SEA SE, KA SPSS19.0 fF 
41] Two-Way ANOVA 75 3E 23r, RH Duncan EERE 
411832 HB 0H, KA MATLAB ELKAAR H 
SEIS ES IV oa 


2 ARS 
2.4 KAMENE E GE ALE TOES 

(IE BY SC e 

HEBES 5 hóa se BI aS B (E FH SE SEU P Ree 
Tei thin BRA, DATE WN: WON; RH 
X, (BXISSTE EI Bit E tk EE DERE ER SERE 
Dn. SIE IC ee, GI E 
Ser ERR Ké acoA 1), AH De REKIN, 
BARMABRBEA W, MBN RR eA RI 
2805 m ELE WS W, 2H E(P<0.05), W; 41 W, [8]z8 
SARE, mi r^) BER S BIS Dn E eh 
IE PEEBSSETCES3S, TE WAR. DE EBORE ARTE 
ELSE Cilug Set AI Mathes 
MALE MERA AR, AMARE NAN; 
SDE BS EB RSD AN Se EA NIUE, DS Ise 
EAT AMA ME MAA SBA, N 
ES IS 
MEF FE Z(P<0.05)0 
2.2 Kf B l'EXISETE BRAN 
2.2.1 XH D DS D] 

HRSA iA 5e 52 EL ^E FH BH S elo 7 A Ie] dE 
S676 Bia iB AAPA 2), HHA 0-20 cm All 0~60 cm 
HEA AAR TE WN: SESS E 9 (P<0.05), 20-40 cm TE 
WN, HI WN: SEBA BR A (B (P«0.05), 40~60 cm ÁR 
TR STRE WN: Al WN; AE A 1É(P<0.05)0 BAR 
RFT, BRST Ma Y 20-40 cm, 40-60 cm All 
0-60 cm LAKTE IRRIA, (2 0-20 cm LR 


jà 


http://www.ecoagri.ac.cn 


1626 PRESA 2016 VARAT 
R1 KAEN A t B BLEW SMES HEM Bl 
Table 1 Effect of water-nitrogen interaction on aboveground biomass and botanical features of alfalfa 
pis: Wm SÉ A AER 1408 DS 
Treatment Pant height (cm) Branch number per plant Aboveground biomass (kg:hm ?) Leaf-stem ratio (96) 
EME Irrigation amount 

WI 94.7b 6.3b 5 365.4c 13 

WI 102.6a 8.2a 6 442.2a 1.5 

W3 100.4a 7.3ab 5 968.2b 1.5 
TEIE Sig. ** ké Kë ns 

MEE Nitrogen application rate 
Ni 98.0 6.2b 6 148.9 1.1b 
N2 99.6 7.8a 6 032. 6 1.1b 
N3 100.7 8.0a 5 703.5 1.4a 
N4 98.7 6.9ab 5816.6 1.1b 
TEIE Sig. ns * ns ** 
AMES MAE Irrigation amount x nitrogen application rate 

Wi Ni 89.2+2.8d 5.0+0.6cd 5 605.5+176.7 A 
N> 91.0+1.3cd 8.0+1.0abc 5 390.0+36.0 A 

N3 96.4+3.5bcd 7.3+1.5bcd 5 280.0+91.8 E 

Na 102.3+2.0ab 4.740.3d 5 184.7+73.5 a 

W2 Ni 101.2+2.1ab 7.3+0.7bcd 6685.2+18.1 E 
N2 109.1+1.8a 7.3+1.2bcd 6 634.2+52.1 4 

N3 103.7+2.4ab 10.7+1.6a 6 184.7+306.7 2.0 

Na 96.5+1.5bcd 7.3+0.7bcd 6 264.7+288.6 wl 

W; Ni 103.6+3.0ab 6.3+0.3bcd 6 155.2+52.2 A 
N2 98.6+1.7bc 8.0+0.6abc 6 072.7+54.9 E 

N3 101.9+3.3ab 6.0+1.0bcd 5 644.2+316.8 .6 

Na 97.3+2.9bc 8.7+0.3ab 6 000.7+173.2 .6 

TEIE Sig. Ké ké ns ns 


W: HEHEH 60%; Wo: GIRE A 80%; W: Zus 1 920 mhm’; Ni: 0 kg(N)c hm 7; No: 40 kg(N)-hm ?; Ns: 80 kg(N): hm 2; 
Na: 120 kg(N):hm 2, *&1**43 3l RT 3 RR 0.05 A 0.01 ZIGE RSR ns D ZR br SS nr ARIS] ESSERE ARMAR 
ja] = FE (P<0.05), "FER. Wi: 60% of the conventional irrigation amount; W2: 80% of the conventional irrigation amount; Ws: the conventional 
irrigation amount, 1 920 mhm”; Ni: 0 kg(N)-hm™; N2: 40 kg(N):hm ?; N3: 80 kg(N):hm ?; Na: 120 kg(N)-hm ?. * and ** indicate significance at 0.05 
and 0.01 level, respectively; ns indicates no significance. Different lowercase letters indicate significant differences among irrigation treatments at 


0.05 level. The same below. 
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Table 2 Effect of water-nitrogen interaction on alfalfa root volume in different soil layers 


ANE IRA! Root volume (cmm?) 


Treatment 0-20 cm 20-40 cm 40-60 cm 0-60 cm 


¡EME Irrigation amount 


Wi 241.1 68.9c 39.4b 349.4c 

W2 259.4 285.6a 85.0a 630.0a 

W3 255.0 212.8b 40.6b 508.3b 
TEIE Sig. ns +e ve we 


MEE Nitrogen application rate 


N; 272.60 211.1a 37.0c 520.7b 
N2 324.4a 208.la 60.7b 593.3a 
N3 204.4b 185.9a 83.0a 473.3c 
Ng 205.9b 151.1b 39.3c 396.3d 
Ree Sig. E ER ER ER 


AMES MAE Irrigation amount x nitrogen application rate 


Wi N; 213.3+33.6c 17.8+3.8f 24.4+4 4ef 255.6+34.9f 
N2 333.3+20.4ab 40.0+3.9f 22.2+12.4ef 395.5+34.7e 
N; 277.8+9.7b 91.1+12.4e 40.0+3.9de 408.9+18.2e 
Na 140.0+10.2d 126.7229.1e 71.1+5.9b 337.8+26.2e 
W2 Ni 291.1+21.9b 344.4+25.6a 51.1+4.4cd 686.7+44.4b 
N2 360.0+35.3a 382.2229.1a 128.9+5.9a 871.1+18.9a 
N; 182.2+4.4cd 277.8+9.7b 142.2+8.0a 602.2+12.4c 
Na 204.4+5.9c 137.8+11.8de 17.8+4.4f 360.0+13.9e 
W3 Ni 313.3+10.2ab 271.1+5.9b 35.6+2.2def 620.0+7.7bc 
N2 280.0+13.9b 202.2+9.7c 31.1+5.9ef 513.3+17.7d 
N; 153.3+27.0cd 188.9+2.2ce 66.7+3.9bc 408.9+31.1e 
Na 273.3+13.9b 188.9+21.2cd 28.9+5.9ef 491.1+26.2d 
EH Sig. EE E ER Ak 


RI KARMA Et TEHE BS og 


Table 3 Effect of water-nitrogen interaction on the underground biomass of alfalfa 


RN th FEWE Underground biomass (gm ?) 


Treatment 0-20 cm 20-40 cm 40-60 cm 0-60 cm 


¡EME Irrigation amount 


Wi 453.5b 372.4b 305.7b 1 131.7b 
W2 573.1b 420.8ab 353.7a 1 347.6a 
Wi; 503.9a 446.3a 379.7a 1 329.9a 
Bee Sig. E * dk ER 
MEE Nitrogen application rate 
Ni 484.9b 370.1b 305.4b 1 160.4b 
N; 520.3ab 377.7b 348.0b 1 246.1b 
Ns 581.6a 500.3a 396.9a 1 478.8a 
Na 453.9b 404.6b 335.2b 1 193.6b 
SE Sig. * za zen D 
HS, Irrigation amount x nitrogen application rate 
Wi Ni 607.7+86.9b 400.3+29.8abcd 267.0+4.4ef 1 275.0+120.0bcde 
N; 486.7+27.7bc 268.7+15.9e 253.9+1.6f 1 009.3+42.5ef 
Ns 451.0+8.1c 486.7+27.7ab 412.6+14.5ab 1 350.2+39.2be 
N4 268.7+15.9d 333.9+46.1cde 289.5+21.9def 892.1+82.9f 
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RN ib F449 Underground biomass (em ?) 
Treatment 0-20 cm 20-40 cm 40-60 cm 0-60 cm 
HS, Se Irrigation amount x nitrogen application rate 
W2 Ni 407.3+49.4c 424.9+45.4abc 304.9+17.0cdef 137.0+107.8cdef 
N> 485.9+36.3bc 363.7+40.8cde 363.7+40.8abcd 213.3+114.6cde 
N3 795.0+43.1a 513.5426.6a 410.7+26.7ab 719.1+57.2a 
N4 604.3+44.7b 381.0+40.9bcde 335.7+15.7bcdef 321.0+96.5bcd 
W; Ni 439.717.3c 285.2+17.1de 344.4+43.5abcde 069.3+39.1def 
N> 588.4+26.7b 500.6+46.6a 426.5+20.3a 515.6£75.8ab 
N3 498.8+45.0bc 500.7+27.0a 367.4+37.8abcd 367.0+90.5bc 
Na 488.4+33.5bc 498.8+44.9a 380.3+20.3abc 368.0+96.4bc 
Ree Sig. ** EI * ok 
R4 KARAR A tE E Ee SES S ERSTES 
Table A Effect of water-nitrogen interaction on the ratio of aboveground biomass to underground biomass of alfalfa 
Ah FB 3t Lann FARA ELS Ratio of aboveground biomass to underground biomass 
Treatment 0-20 cm 20-40 cm 40-60 cm 0-60 cm 
MÆ Irrigation amount 
Wi 3.3 4.3 4.9 12.5 
W2 3.8 4.3 5.0 13.1 
W; 3.8 4.5 5.2 13.5 
SE Sig. ns ns ns ns 
MEE Nitrogen application rate 
Ni 3.5b 4.5b 5.2ab 13.2b 
N> 3.2b 3.7b 4.2bc 11.0c 
N3 4.9a 5.7a 6.0a 16.6a 
Na 3.0b 3.6b 4.8b 11.4bc 
Bee Sig. E? ax * LIS 
HS, Se Irrigation amount x nitrogen application rate 
Wi Ni 4.0+0.6bcd 5.9+0.3ab 5.0+0.8bc 14.8+0.4b 
N2 2.8+0.3def 3.140.4c 4.5+0.9bc 10.4+0.9cd 
N3 4.6£0.8b 3.740.4c 4.2+0.2bc 12.5+1.2bcd 
Na 1.9+0.2f 4.6+0.3bc 6.0+0.labc 12.5+0.3bcd 
W2 Ni 2.2x0.4ef 3.3+0.2c 4.8+0.1bc 10.3+0.6cd 
N> 3.4+0.3bcde 3.440,30 4.0+0.2c 10.8+0.6cd 
N; 7.1+0.3a 7.2+0.3a 7.5x0.3a 21.740.8a 
Na 2.4+0.1ef 3.440.4c 3.840.3c 9.7%0.7d 
W3 Ni 4.2+0.6bc 4.4+0.7bc 5.7+0.9abc 14.4+1.2bc 
N2 3.2+0.4cde 4.4+0.7bc 4.040.5c 11.740.9bced 
N3 3.0+0.1cdef 6.4+1.5ab 6.4+1.5ab 15.743.0b 
N4 4.6+0.3b 2.9+0.1c 4.5+0.3be 12.0+0.4bcd 
Bee Sig. EIS dk * EI 


NAAA HEMNES, APSA Ny Be 
Lan PENE AAA fee E e RH P—0.05). 
24 Kf BEXESRTE BL TECKAY UL ESA 
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